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(57) Abstract 

The invention relates to a method and an apparatus for reversing a vehicle, especially a vehicle combination. The method comprises 
imaging of the reversal area with a video camera from the rear part of the vehicle backwards, transmitting the pictures of the reversal area 
to the driver in the driver's cab in the vehicle, and the driver carries out reversal of the vehicle by monitoring the picture information and 
steering the vehicle accordingly. In accordance with the invention, a reversal steering device (9) is provided in the driver's cab of the vehicle 
for determining the desired reversal path, especially the curvature of the reversal path; a computing program stored in a data processing 
unit (13) determines the desired directional angle of the steerable wheels (3), which allows the desired reversal path to be achieved; the 
reversal steering operations are carried out as a continuous closed-loop control process, while determining the mutual positions of the 
vehicle combination and the directional angle of the steerable wheel, the directional angle being adjusted towards the desired calculated 
directional angle in order to achieve the desired reversal path. 
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Method and arrangement for reversing a vehicle 



The invention relates to a method as defined in the preamble of claim 1 for 
reversing a vehicle, especially a vehicle combination. 

5 The invention also relates to an arrangement as defined in the preamble of claim 3 
for reversing a vehicle, especially a vehicle combination. 

A conventional arrangement for easier reversal of a vehicle is previously known, in 
which a video camera equipped with a hatch and directed backwards is embedded in 
the rear of the vehicle, and a display is provided in the driver' s cab in the immediate 
10 vicinity of the driver. The hatch is adapted to open and the camera to operate when 
the reverse gear is switched on. The camera transmits an image of the vehicle from 
the rear backwards to the driver, who can thus reverse the vehicle by watching the 
video picture shown on the display. 

The conventional arrangement has the same drawback as normal reversal, i.e. it 
15 requires good vehicle control of the driver. The reversal of a vehicle combination in 
particular is an operation that takes much practice to become effortless for the 
driver. 

The object of the invention is to eliminate the drawbacks connected with the 
conventional arrangement described above, and with vehicle reversal in general. 
20 Another object of the invention is to provide a new method and arrangement for 
carrying out the reversal of a vehicle. 

The method of the invention is characterised by the features defined in claim 1. The 
apparatus of the invention is characterised by the features defined in claim 3. The 
dependent claims describe preferred embodiments of the invention. 

25 In the method of the invention for reversing a vehicle, especially a vehicle 
combination, the reversing area is imaged from the rear of the vehicle backwards, 
pictures of the reversing area is transmitted to the driver in the driver's cab of the 
vehicle, and the driver carries out the reversal of the vehicle by monitoring the 
picture information and steering the vehicle accordingly. In the method of the 

30 invention: 

-the driver's cab in the vehicle is provided with a reversal steering device for 
determining the desired reversal path, especially the curvature of the reversal path; 
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- using a computing program stored in a data processor the desired directional angle 
of the steerable wheels is determined, and with the aid of this angle the desired 
reversal path can be achieved; and 

- the reversal steering operations are performed as a continuous closed-loop control 
5 process, during which the position of the parts of the vehicle combination is 

determined, such as their mutual articulation angle and the directional angle of the 
steerable wheel, the directional angle being adjusted towards the desired calculated 
directional angle in order to follow the desired reversal path. 

The invention has the advantage of allowing a vehicle, especially a vehicle 
10 combination, such as an articulated lorry, to be steered by means of the reversal 
steering device, while utilising the data processing unit and the program stored in 
this, just as if the driver's cab were at the rear of the vehicle and the vehicle were 
driven forwards viewed from the display. This arrangement makes it appreciably 
easier for the driver to carry out the reversal steering operations, because the vehicle 
15 is virtually moved as though it were a forward movement. In other words, the driver 
is transferred to the rear of the vehicle by means of computing means. 

The method and the apparatus of the invention is applicable also to vehicle 
combinations articulated at two points. 

The invention is described in detail below with reference to the accompanying 
20 drawing, in which 

figure 1 is a schematic top view of a vehicle combination formed of a drawing 

vehicle and a trailer; 

figure 2A is a schematic view of the first part of the apparatus of the invention, 

comprising a video camera and a display; 

25 figure 2B is a schematic view of a block diagram of the second part of the 

apparatus of the invention; and 

figure 3 is a principal block diagram of the computation of the steering 

operations. 

The invention is schematically described below with the aid of the vehicle 
30 combination schematically shown in figure 1. This vehicle combination comprises a 
drawing vehicle 1 and a trailer 2, which are pivoted to each other at the articulation 
point KN. The drawing vehicle 1 comprises a turnable front wheel 3 (or optionally 
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two mutually spaced front wheels) and rear wheels 4 directed in the longitudinal 
direction of the drawing vehicle. The trailer 2, in turn, comprises rear wheels 5, 
such as a trailing bogie, with its wheels directed in the longitudinal direction of the 
trailer. 

5 The apparatus of the invention, figure 2A, comprises means of imaging, such as a 
video camera 6, which is disposed at the rear of the vehicle, in this case in the rear 
2a of the trailer 2, with a view to monitor the reversal area. It is then directed from 
the rear part of the trailer 2 backwards, preferably parallel to the central line KN-K3 
of the trailer 2. This requires a video camera 5 with relatively wide-angle optics to 

10 ensure a visual range with adequate amplitude and width. The video camera 6 is 
preferably fitted into a space 8b which can be closed with a hatch 8 a. The display 7, 
preferably a video monitor, is disposed in the driver's vicinity in the driver's cab of 
the drawing vehicle 1. The video camera 6 and the display 7 are interconnected over 
a suitable signal path 15, such as a cable or a wireless radio line. The driver 

15 monitors the pictures generated by the video camera 6 on the display 7 and makes 
use of it when reversing the vehicle combination 1, 2 as explained below . 

The apparatus of the invention, figure 2B, also comprises a reversal steering device 
9, an angular sensor 10 of the steerable wheel 3, an articulation sensor 1 1, a turning 
device 12 and a data processing unit 13. Using the steering device 9, the driver gives 
20 the actual control commands, i.e. the reversal path. The directional angle a of the 
steerable wheel 3 is provided by the angle sensor 10 connected to the wheel. The 
articulation angle P of the mutually pivoting vehicle parts 1 , 2 is provided by the 
articulation sensor 11. The turning device 12 is intended to turn the steerable wheel 
3, i.e. to alter its directional angle a. 

25 The data processing unit 13 is fed with a control command from the reversal 
steering device 9, wheel directional angle data a from the angle sensor 10 of the 
steerable wheel 3 and, similarly, with the articulation angle P of the vehicle 
combination from the articulation sensor 11, the data being processed with a 
computing program stored in the data processing unit 13. The operation is based on 

30 the desired reversal path provided by the reversal steering device 9, and it is realized 
by repeatedly adjusting the directional angle a of the steerable wheel 3, at suitably 
short intervals, to the computed directional angle cc re f, so that during the reversal, the 
vehicle moves into the desired direction exactly as desired. 

The apparatus of the invention also comprises a reversal safety sensor 14. By means 
35 of this sensor, the apparatus of the invention for reversing a vehicle is activated, i.e. 
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switched on, when the reversing gear or similar is switched on. In any other 
situation, the apparatus is in a passive, i.e. inoperative state. 

The reversal steering device 9 is preferably a mini-steering wheel placed in the 
vicinity of the actual steering wheel 15 in the driver's cab of the vehicle. The 
5 reversal is given the desired path with the aid of the the turning angle of the mini- 
steering wheel or a similar steering command representing reversal direction data. 
The steering command is forwarded in electronic form to the data processing unit 
13. 

The turning device 12 for turning the steerable wheel 3 of the vehicle is preferably a 
10 stepping motor, which is connected over a suitable transmission device e.g. to the 
steering wheel 15, such as its pivot axle 15a, for mechanical taming of the wheel 3, 
i.e. for altering its directional angle a. 

The data processing unit 13 is a micro-processor or similar, including suitable 
storage and interface units. A program has been stored in its memory unit to control 

15 the reversal steering operations in a continuous closed-loop control process, during 
which the mutual positions of the parts 1, 2 of the vehicle combination are 
determined, such as the articulation angle p, and the directional angle a of one or 
two steerable wheels, and the desired directional angle a re f of the steerable wheel is 
determined on the basis of the desired reversal path, and the achievement of this 

20 angle is sought with subsequent operations. The control commands given by the 
driver with the steering device 9 in order to carry out the reversal are processed with 
the computing program so as to result in control signals, which are fed to the turning 
device 12, such as a stepping motor, by means of which the steering angle a of the 
one or two steerable wheels 3 is altered towards the desired computed steering angle 

25 a re f so that the desired steering process, i.e. the reversal path is achieved. The 
physical properties of the vehicle combination, such as its dimensions, are constants 
in the computing program. 

The method and apparatus of the invention use the data processing unit 13 and the 
computing program stored in this for computing the desired directional angle a re f of 
30 the steerable wheel 3 and for achieving the real directional angle a so that the 
vehicle combination 1, 2 will follow the desired path backwards, and especially 
virtually as though the driver were steering the vehicle combination forwards with 
regard to how he carries out the steering operations. 
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Figure 3 shows the basis of the steering operations. A computing program has been 
stored in the data processing unit 13. In the initial situation, the reversing gear of the 
vehicle is assumingly switched on. The mutual position of the drawing vehicle 1 and 
the trailer 2 of the vehicle is determined with the aid of data provided by the angle 
5 sensors, especially the articulation sensor 11. This arrangement provides 
information about the articulation angle p between the longitudinal axes of the 
drawing vehicle 1 and the trailer 2. The driver gives the desired curvature for the 
trailer path by means of a reversal steering device 9, such as a mini-steering wheel. 
This curvature corresponds to the desired path of the rear of the trailer 2 in the 
10 vehicle combination. The desired directional angle cc re f of the steerable wheel 3 is 
calculated at the beginning of and during the reversal on the basis of the mutual 
positions of the drawing vehicle 1 and the trailer 2. 

When the desired directional angle a re f of the steerable wheel 3 has been calculated, 
the directional angle a of the wheel is adjusted accordingly (or at least towards the 

15 desired angle) with the turning device 12, and the vehicle is reversed. The position 
of the vehicle is repeatedly calculated during the reversal and the operations 
described above are repeated. The desired new directional angle a re f of the steerable 
wheel is calculated and carried out by means of the turning device 12. The path 
settings for the reversal steering device 9 are read and the computing operations are 

20 both carried out at suitably short intervals, such as e.g. 10 times per second. 

The computing program stored in the data processing unit 13 is preferably based on 
the following definitions. The longitudinal central axis of the drawing vehicle 1 in 
the vehicle combination passes through the points Kl - K2 - KN, and the 
longitudinal central axis of the trailer 2 passes through the points KN - K3. Thus the 

25 central axes pass through the articulation point KN (x n , y n ), which is determined in 
the rectangular xy co-ordinate system. The distance between the centre Kl of the 
front wheel 3 of the drawing vehicle 1 and the centre K2(x a , y a ) of the axis between 
the rear wheels 4 is L. The distance between the articulation point KN and the 
centre K2 of the axis between the rear wheels of the drawing vehicle is S. 

30 Accordingly, the distance between the centre K3(x p , y p ) of the axis between the rear 
wheels 5 of the trailer 2 and the articulation point KN is P. The axial width of both 
the trailer 2 and the drawing vehicle 1 is twice the length H. The direction of the 
central axis of the drawing device 1 is represented by the symbol 5 a and the 
direction of the central axis of the trailer 2 accordingly with the symbol 5 P . 

35 The computing program is based on the following operations. The position of the 
drawing vehicle 1 is determined with the aid of the point K2 and the direction 8 a of 
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the central axis of the drawing vehicle. The position of the trailer 2 is estimated with 
the aid of the position of the drawing vehicle 1 and the articulation angle p. The 
trailer has the following position: 

x p =x a - S - cos5 a - P - cos(5 a + P) (1) 

5 y p = y a - S • sin6 a - P • sin(6 a + fi) (2) 

Sp = 5. + p + (3) 

Using the path deviation and the positional error of the trailer, the reference 
curvature, i.e. the desired reversal path is calculated for the trailer. When the trailer 
2 is moved backwards in the direction of the desired curvature, the articulation point 
10 moves on a curve with congruent centre, the centre being: 



^pref 



- — cos(<^ + sign{K pref y (4) 



ykp=y P + ^—' sin { S p +s ^( K pref}^2) ( 5 ) 



K pref 



Then the desired direction of movement of the articulation point KN in the world 
system of co-ordinates is obtained in the direction of the normal and then in that of 
15 the tangent: 

0 vn =atan2(y„ -y^,x H -x^)+sign\K pref )^/ 2 (6) 

The desired reversal direction of the vehicle combination is represented by the 
reference curvature ^r pr ef- 

In the co-ordinate system of the drawing vehicle 1, the difference between its frame 
20 and the desired direction of movement of the articulation point KN corresponds to 
the following formula 7. It should, of course, be parallel with the reversing 
movement. 

( ? ) 

The directional angle a = a re f is calculated for the steerable wheel, and by means of 
25 this the reversal path is carried out: 

( L \ 

a - arctan tan^ (8) 

V S J 
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It should be noted that if S = 0, the computation will not work in this form. In that 
case, one has either to accept path errors for the trailer 2, or change the position of 
the drawing vehicle 1 by driving with the directional angle a = 90 degrees of the 
wheel 3. In this way, the articulation point KN of the wheel will follow the desired 
curvature. Other limitations are caused by large lateral movements of the trailer and 
by the trailer hitting the connecting rod as the articulation angle increases. 

The service reliability of the apparatus of the invention is guaranteed by means of 
the reversal safety sensors 14. The apparatus can be used only when the reversing 
gear of the vehicle is activated. In this situation, the function of the turning device 
12 is impeded, or optionally, such a weak motor is provided in the tinning device 12 
that the driver can turn the steering wheel in any situation. 

The invention is not restricted to the embodiment example above alone, other 
modifications being conceivable without departing from the scope of the inventive 
idea defined in the claims. It should be noted that the computing method described 
above, though compact and offering computing efficiency, is but one of several 
conceivable mathematical methods for calculating the directional angle of steerable 
wheels on the basis of a desired reversal path. 
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Claims 

1 . A method for reversing a vehicle, especially a vehicle combination, comprising 

- imaging of the reversing area from the rear part of the vehicle backwards; 

- transmitting the pictures of the reversing area to the driver in the driver's cab of 
5 the vehicle; the driver carries out reversal of the vehicle by monitoring the picture 

information and steering the vehicle accordingly, 

characterised in that the method comprises 

- providing a reversal steering device (9) in the driver's cab of the vehicle in order to 
determine the desired reversal path, especially the curvature of the reversal path; 

10 - determining with a computing program stored in a data processing unit (13) the 
desired directional angle (cc re f) of the steerable wheels (3), and this angle allows the 
desired reversal path to be achieved; and 

- performing the reversal steering operations as a continuous closed-loop control 
process, while detennining the mutual positions of the parts (1, 2) of the vehicle 

15 combination and the directional angle (a) of the steerable wheel, the directional 
angle being adjusted towards the desired calculated directional angle (a re f) in order 
to achieve the desired reversal path. 

2. A method as defined in claim 1, characterised in that the dimensions (L, S, P) 
of the vehicle combination, such as of the drawing vehicle (1) and of the trailer (2), 

20 and one or more articulation angles (|3) between these, are utilised to calculate the 
mutual positions of the parts (1, 2) of the vehicle combination. 

3. An apparatus for reversing a vehicle, especially a vehicle combination, 
comprising: 

- means of imaging (6) such as a video camera, which is disposed in the rear of the 
25 vehicle to monitor the reversing device; 

- a display (7) such as a video monitor, which is disposed in the vicinity of the 
driver in the driver's cab of the vehicle, the pictures produced with the means of 
imaging being monitored and utilised in the reversal of the vehicle, 

characterised in that the apparatus further comprises: 
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- a reversal steering device (9) for providing the desired trailer path acting as a 
control command for the reversal; 

- an angle sensor (10) of the steerable wheel (3) of the vehicle for determining the 
directional angle (a) of the wheel; 

5 - an articulation sensor (11) for determining the articulation angle (3) between the 
central axes of the taming parts (1, 2) of the vehicle; 

- a turning device (12) for turning the steerable wheels (3); and 

- a data processing unit (13) for receiving control commands i.e. directional and 
articulation angle data (a,P), from the reversal steering device (9), and for 

10 processing them with the computing program, the reversal steering operations being 
carried out as a continuous closed-loop control process, while determining the 
mutual positions of the parts (1, 2) of the vehicle combination and the directional 
angle (a) of the steerable wheel, the directional angle being adjusted with the 
turning device (12) towards the desired calculated directional angle (a ref ) in order to 

15 achieve the desired reversal path. 

4. An apparatus as defined in claim 3, characterised in that the apparatus further 
comprises a reversal safety sensor (14). 

5. An apparatus as defined in claim 3 or 4, characterised in that the reversal 
steering device (9) is a mini-steering wheel. 

20 6. An apparatus as defined in claim 3, 4 or 5, characterised in that the turning 
device (12) for tarning the steerable wheels (3) is a stepping motor. 
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